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Abstract We compared delay in presumptive diagnosing pulmonary tuberculosis (PTB) in elderly and younger pa-
tients, yield of diagnosis andwhether the yield is influenced by the radiographic presentation, evenwhen PTBwas sus-
pected.
Time from first complaints to first consideration of PTBwas determined as suspicion interval (SI) and from first con-
sideration to diagnosis as recognition interval (RI). Presumptive diagnosis was defined as positive staining for acid-fast
bacilli or presence of granulomatous lesions inpulmonary specimens.
Inthe elderlyandintheyoungerpatients, themean SIwas111.1and 87.8 daysrespectively (P=NS), andthemeanRIwas
5.9 and 8.3 days, respectively (P=NS).The mean RI was longer in uncharacteristic than in characteristic radiographic
findings in both elderly (8.2 and 4.6 days; P=0.007) and younger patients (10.6 and 3.9 days; P=0.0001). A diagnosis was
obtained in 89/113 elderly (79%) and in 109/138 younger (79%) patients (P=NS) and also in 59/80 (73%) patients with
uncharacteristic findings and in139/170 (82%) patientswith characteristic findings (P=NS). In the latter, sputumcontrib-
uted for 66% ofdiagnosis, whereasitwasonly 31% inpatientswithuncharacteristic findings (Po0.005).In elderlypatients
with uncharacteristic radiographic findings, diagnosis was obtained from sputum in 41% and from other specimens in
35% (P=NS); in the younger group diagnosis was obtained from sputum in 23% and from other specimens in 48%
(Po0.05).
In conclusion, therewas no difference in SI and RI in elderly patients in comparisonwith younger patients. Uncharac-
teristic radiographic findings increased RI in both age groups. Age or radiographic presentation did not influence diag-
nosing PTB. In patients with characteristic radiographic findings, diagnosis was especially made from examination of
sputum, whereas in those with uncharacteristic findings, diagnosis was more often obtained from the complementary
investigation of other specimens.r2002 Elsevier Science Ltd.Allrights reserved.
Available online athttp://www.sciencedirect.com
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Tuberculosis (TB) represents again an emerging problem
for worldhealth care and if case detection and curerates
aremaintained at the present level, the annual incidence
of TB is expected to increasewith 41% between1998 and
2020, especially in developing (or low-income) countries
(1). InWestern countries, a decline of theTB incidence is
observed in recent years and TB seems to be con¢ned to
some groups in the community: immigrants, patients in-Received11April 2002, accepted in revised form 24 June 2002
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sons detained in jail, asylum seekers, homeless people,
drug abusers, people living in poverty and indigenous el-
derly persons (2,3).
Elderly patients represent a particular problem since
mortality of TB and especially of pulmonaryTB (PTB) is
higher in this age group and diagnosismay often bemade
only at autopsy (4).Onepossiblereason for the increased
mortality could be the progression of the disease be-
cause of postponement of adequate therapy, the latter
due to delay in obtaining an early and appropriate diag-
nosis (5).
An early or presumptive diagnosis of PTB can be ob-
tained by staining for acid-fast bacilli (AFB) of di¡erent
specimens of pulmonary content such as sputum, gastric
980 RESPIRATORYMEDICINElavage, bronchial washing or biopsy specimens, of which
sputum is the easiest to obtain. Although staining for
AFB can be considered the gold standard for a rapid and
cheap identi¢cation of TB, it lacks sensitivity (6). Recent
techniques, such as nucleic acid ampli¢cation canbeused
to determine whether sputum contains Mycobacterium
tuberculosis (M. tuberculosis) complex, but this technique
is not sensitive enough to detectM. tuberculosis in speci-
mens with low bacterial load (7).
Postponement of diagnosingTB canbe due to the long
delay between the onset of complaints and the ¢rstmo-
ment of suspicion of TB, which we de¢ned as the ‘suspi-
cion interval’ (SI). However, even when PTB is highly
suspected, diagnosis can also be delayed because of the
lack of early recognition ofM. tuberculosis in the investi-
gated specimens and this delay we de¢ned as the ‘recog-
nition interval’ (RI).
Elderly patients are often not able to expectorate
adequate sputum samples for examination and this could
be especially true in the presence of uncharacteristic
radiographic features for this age group, which includes
¢ndings other than in¢ltrateswith or without cavitation
in the upper lobes (8,9). It couldbe expected that the re-
cognition interval therefore will be longer in elderly pa-
tients, evenwhen PTB is highly suspected.
We compared in elderly and younger patients with
suspected PTB but in whom diagnosis of TB had to be
con¢rmed later onbypositive cultures forM.tuberculosis
(a)whether the suspicion andrecognition interval di¡ers
in both age groups, (b) whether a presumptive diagnosis
is obtained less often in the elderly age group and
(c) whether the yield of diagnosing PTB is in£uenced
by the presence of uncharacteristic radiographic
¢ndings.
MATERIALSANDMETHODS
In a retrospective study from 1985 to 1995, 251 patients
with ¢nally provenTB by positive culture ofM. tuberculo-
sis, were included: 113 were 70 years of age or older
(mean age: 82 years, range 70^94) and were labelled
‘the elderly group’; 138 were younger than 60 years of
age (mean age: 35 years, range18^59) and were labelled
‘the younger group’. Patients were admitted at the pul-
monary division of a University Hospital, located in an
areawith aTB incidence of11.8 per100 000 population in
1998.Twenty-four patients (=9.5%) were referred from a
general hospital: in those patients the presumptive diag-
nosis of TB was already explicit since investigation was
yet performed to exclude other pathologies including
malignancy, systemic disease and other infectious dis-
ease.
The SI was determined as the time elapsed from the
onset of the complaints (as derived from patients com-
ments) to the ¢rstmomentof suspicion of PTB (by eitherthe referring physician or at our institution).The RI was
de¢nedas theperiodbetween thepresumptive diagnosis
of PTB and the moment of diagnosing PTB or the initia-
tion of antituberculous medication. The time between
the ¢rst symptoms and the ¢nal diagnosis, i.e., the com-
bination of SI and RI can be de¢ned as the diagnosing in-
terval.
Presumptive diagnosis of TB was considered as posi-
tive staining for AFB in sputum and/or (if negative after
three samples) in bronchial washing, pulmonary biopsy
specimens, pleural £uid or gastric lavage.Presumptive di-
agnosiswas alsobasedon thepresence of granulomatous
lesions with caseous necrosis in histological prepara-
tions.Final diagnosis had to be con¢rmed later on by po-
sitive culture forM. tuberculosis.
Chest X-rays were divided into two groups, as de-
scribed earlier (9,10).Characteristic ¢ndings consisted of
in¢ltrates with or without cavitation in the apicoposter-
ior segments of one or both upper lobes or in the apical
segment of the lower lobes, whether or not those ¢nd-
ings were found in combination with uncharacteristic
¢ndings.The latter consisted of absence of characteristic
¢ndings and the presence of pleural e¡usion, hilar and/or
mediastinal lymphadenopathies, atelectasis, ventrobasal
in¢ltrations, clear chest X-ray, rounded nodules, miliary
pattern or di¡use in¢ltrates.
Data are reported as mean (SEM) and were compared
with each other using the Student’s t-test for indepen-
dent variables. Statistical analysis consisted of the chi-
squaremethod (or Fischer’s exact test in the case the ex-
pected cell value is less than 5) to compare frequencies
between groups. E¡ects were judged to be statistically
signi¢cant if the associated P valuewaso0.05.
RESULTS
Suspicion interval SI recognition interval
(RI)
The diagnosis interval was 117.0 days in the elderly and
96.1 days in the younger group (P=NS). The division of
the diagnosis interval into SI and RI is shown inTable 1.
There was no statistically signi¢cant di¡erence between
the two intervals in the elderly group and the younger
group; yet, the SI tended to be longer in the elderly age
group (111.1 vs. 87.8 days in the younger group), whereas
the RI tended to be longer in the younger age group (8.3
vs. 5.9 days in the elderlygroup).Therewas also no di¡er-
ence between elderly and younger age group when the
RI was compared between characteristic and uncharac-
teristic ¢ndings. However, within each age group the RI
was longer in cases of uncharacteristic ¢ndings than in
cases of characteristic ¢ndings: 8.2 vs. 4.6 days in the el-
derly age group (P=0.007) and 10.6 vs. 3.9 days in the
younger age group (P=0.0001).
TABLE 1. Suspicion interval (SI) andrecognition interval (RI), expressed in days7SEMinthe elderly andyounger age groups
Elderlypatients Younger patients P-value
Suspicion interval (SI) 111.1715.0 87.8710.6 0.21
Recognition interval (RI) 5.970.6 8.371.6 0.17
KUncharacteristic ¢ndings 8.271.4* 10.671.2** 0.22
KCharacteristic ¢ndings 4.670.5 3.970.3 0.23
P=0.007* and 0.0001**between uncharacteristic and characteristic ¢ndings in the elderly and younger patients, respec-
tively.
TABLE 2. Yield of early diagnosis in pulmonary tubercu-
losisbyagegroups andbyroentgenographicpresentation
Elderly
patients
Younger
patients
Uncharacteristic ¢ndings
Sputum 15/37 (41) 10/44 (23)
Other specimen 13/37 (35) 21/44 (48)
Total 28/37 (76) 31/44 (70)
Characteristic ¢ndings
Sputum 45/76 (59) 67/94 (71)
Other specimen 16/76 (21) 11/94 (12)
Total 61/76 (80) 78/94 (83)
Numbers betweenbrackets representpercentage.
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pulmonary tuberculosis
Presumptive diagnosis of TB could be obtained in 198 of
the 251patients (=79%).Therewas no e¡ect of age, since
diagnosis was found in 89 of the 113 elderly patients
(=79%) and in 109 out of the 138 younger patients
(=79%) (P=NS). Sputumwas themost important source
since the diagnosis was obtained from staining for AFB
on sputum in 137 of the 198 patients (=69%). In the 61
cases with initially three negative sputum smears, diag-
nosis was further obtained from bronchial washing in
12/198 (=6%), from gastric aspiration in14/198 (=7%) and
fromhistological examination in 35/198 (=18%); the latter
in 18 cases (=9%) from pleural biopsy and in 17 cases
(=9%) from pulmonary biopsy.
Apresumptive diagnosis couldnotbe obtainedin 53 of
the 251 patients (=21%): in 25 of the 113 elderly (=22%)
and in 28 of the 138 younger (=20%) patients (P=NS). In
three of these 25 elderly patients diagnosis wasmade by
autopsy (all haduncharacteristic ¢ndings on chest X-ray)
and in another four at the moment of a diagnostic thor-
acotomy. In three of the 28 younger patients diagnosis
was obtained at the moment of a thoracotomy. In those
10 patients diagnosis was con¢rmed later-on by growth
of M. tuberculosis from sputum or other specimens. In
those cases, antituberculous therapy was initially not
started. In the remaining 43 patients (18 elderly and 25
younger patients) with initial negative investigations,
antituberculous treatmentwas initiated empirically: sub-
sequently, cultures grew forM. tuberculosis.
Initial diagnosis from sputumexamination couldbe ob-
tained in 137 of the 251 patients (=55%), equally divided
between the elderly (60/113=53%) and the younger (77/
138=56%) age group (P=NS).
E¡ect of radiographic presentation on early
diagnosis of pulmonary tuberculosis
The yield of diagnosing PTB in relation to the presenta-
tion on chestX-ray is shown inTable 2.Of the totalgroup
of 251patients, the diagnosis of TBwas obtained in 59 ofthe 81 (=73%) patients with uncharacteristic ¢ndings on
chest X-ray and in 139 of the 170 (=82%) patients with
characteristic ¢ndings; this di¡erence was not statisti-
cally signi¢cant (P=0.1). Sputum as ¢rst contributing fac-
tor in obtaining a diagnosis was found in 112 of the 170
patients with characteristic ¢ndings (=66%) but in only
25 of the 81of the patientswith uncharacteristic ¢ndings
on chest X-ray (=31%) (Po0.005).
In patients with uncharacteristic ¢ndings, a diagnosis
could be obtained in the same proportion in both age
groups: in 28/37 (=76%) of the elderly and in 31/44
(=70%) of the younger patients (P=NS). However, in the
elderly age group diagnosis was made in the same pro-
portion from examination of sputum as from other spe-
cimens, i.e., in 41and 35%, respectively (P=NS), whereas
in the younger age group, diagnosis was obtained more
often from specimens other than sputum, i.e., 48 and
23%, respectively (Po0.05).The yield of diagnosing PTB
could be increased by examining other specimens and
this was more pronounced in the younger age group
(+47%) than in the elderly age group (+35%).
In patientswith characteristic ¢ndings, a diagnosiswas
obtained in 61/76 (=80%) of the elderly and in 78/94
(=83%) of the younger patients, respectively (P=NS).
The diagnosis was obtained especially from sputum: in
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yet this di¡erence was not statistically signi¢cant. The
yield of diagnosing PTB by sputum examination could be
increased by examining other specimens and this addi-
tional yield wasmore pronounced in the elderly patients
(+21%) than in the younger patients (+12%).
DISCUSSION
In this study we evaluated the impact of age and radio-
graphic presentation on possible delay in diagnosing
PTB.We de¢ned the SI as the period between the ¢rst
complaints (as mentioned by the patient) and the ¢rst
moment of suspectingTB by the attending physician.We
de¢ned the RI as the time elapsed from the moment of
consideringTB and the presumptive diagnosis of TB.The
sum of SI and RI can be considered as the diagnosing in-
terval. For both age groups, there was no di¡erence be-
tween SI andRI andRIwas signi¢cantly longer inpatients
with uncharacteristic radiographic ¢ndings. The yield of
obtaining an early diagnosis of PTB is high and this yield
is neither in£uenced by age, nor by the initial radio-
graphic presentation. Finally, in patients presenting with
characteristic radiographic ¢ndings, a diagnosis was
mainly obtained from examination of the sputum,
whereas inpatientswithuncharacteristic ¢ndings, speci-
mens other than sputum contributed also substantially
to the diagnosis.
We did not ¢nd any di¡erence in SI and RI between
our elderly and younger population, although the SI
tended to be longer in the elderly and the RI to be longer
in the younger group. In the literature, data on this issue
are scarce and especially, there is no uniformity in the
used terminology.The intervals described in the studies
by Asch et al. (10) and by Rocha et al. (11) are comparable
with our SI and are otherwise the same in terms of dura-
tion. We assume that di¡erences in intervals between
studies (5,12^14) can be attributed in part to non-unifor-
mity in terminology and di¡erences in setting: in a uni-
versity hospital, more invasive con¢rmatory
investigations are probably instituted relatively faster
than they would in a district general hospital, especially
in the elderly population. Therefore we think that the
distinction we made between SI and RI, is a plausible
and operational one, since two di¡erent problems are
covered.The SI is mainly determined by the patient and
it ¢ts the notion‘patients delay’, whereas the RI ismainly
determined by the accuracy of demonstrating M. tuber-
culosis. The RI is likely to be di¡erent from the notion
‘doctors delay’ which includes both the consideration of
TB and the consequent search for M. tuberculosis. Con-
sideringTB is often postponed because of an uncharac-
teristic clinico-radiological presentation; demonstration
of M. tuberculosis is in£uenced by practical problems in
obtaining adequate material for investigation. We ob-served a positive staining for AFB of sputum in half of
the younger and elderly patients and those ¢ndings are
in-between the results of other investigators (13^17).
The yield of sputum positivity depends partially on the
radiological appearance and is found to be higher in cavi-
tary disease (7,16).We detected positive sputum smears
in 66% of our patients with characteristic ¢ndings
(mostly upper lobe disease) but in only 31% of the pa-
tients with uncharacteristic ¢ndings, similar to other
studies (17,18). In our patientswith characteristic ¢ndings,
cavitary disease was found in 71% of the elderly and in
81% of the younger patients (P=NS). It is not surprising
that the yield of positive sputum is higher in cavitary dis-
ease if we consider that approximately 104 bacilli/ml are
needed for positive staining and that in cavitary disease
almost109 bacilli can be presentwhereas only half of this
number is found in non-cavitary lesions.
The rather low yield of sputum examination (69%)
could be increased to 79% after investigation of other
specimens.We therefore advocate the use of investiga-
tion of additional pulmonary or other samples inpatients
suspected of PTB, especially in thosewithuncharacteris-
tic radiographic ¢ndings.
Although it has been shown that the delay between
the onsetof symptoms and the diagnosis and/or initiation
of adequate therapy is longer in elderly than in younger
adults (5,11,14,18), we could not con¢rm this ¢nding. Pro-
longation of the SI can be due to the patient who delays
seeking help or to the doctor who did not includeTB in
the initial di¡erential diagnosis. Especially in elderly pa-
tients, uncharacteristic clinico-radioraphic ¢ndings can
lead to a search for other diseases such as pulmonary
cancer, other infectious or systemic diseases (9,19). In a
patient suspected of having TB, prolongation of the RI
should be avoidedby prompt initiation of diagnostic pro-
cedures, even in the presence of negative sputum exam-
ination.
Theyield of earlydiagnosingTB from sputumwashigh-
er in younger patients with characteristic radiological
¢ndings and this probably re£ects the fact that failing to
obtain adequate sputum is more pronounced in elderly
patients. This could be attributed to their inability to
produce sputum (due toweakness or to lackof coopera-
tion) or to the‘lower’quality of the delivered sputum, ie,
more saliva secretion than pulmonary secretion.
In conclusion, there is no di¡erence in SI and RI be-
tween elderly and younger patients, yet the RI is longer
in both age groups when presenting with uncharacteris-
tic ¢ndings. Apresumptive diagnosis canbe obtained in a
large number of both agegroupsby sputumexamination,
which is still the preferredmethod especially in patients
with characteristic radiological ¢ndings. In patients with
uncharacteristic ¢ndings, the diagnosis was made more
substantially by the additional investigation of specimens
other than sputum. In order to obtain a diagnosis and
subsequently to avoid the postponement of adequate
PRESUMPTIVEDIAGNOSISOFPULMONARY TUBERCULOSIS 983therapy, more invasive exploration is warranted, even in
the elderly.
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